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INTRODUCTION 

Those r e s u l t s  obtained f o r  t he  f i r s t  t h r e e  semi-annual per iods  ( A p r i l  1, i963- 

November 1, 1964) have been d e t a i l e d  i n  previous r epor t s .  This  r e p o r t  d e a l s  only 

with those  r e s u l t s  obtained during t h e  per iod ,  November 1, 1964 t o  Apr i l  1, 1965. 

Resul t s  ob ta ined  by Dr. Cooney i n  h i s  i nves t iga t ions  on thermopholic fung i  during 

t h i s  per iod  w i l l  be covered i n  a separa te  r e p o r t  t o  be submit ted by him. 

1. Stud ies  on Avena s a t i v a  - 
A major p o r t i o n  of the  r e sea rch  e f f o r t  during t h e  per iod  covered by t h i s  

r e p o r t  has  been devoted t o  a cont inua t ion  of t h e  previous s t u d i e s  on Avena 

s a t i v a .  

tural s t u d i e s  i n  which t h e  primary goa l  has  been t h e  determinat ion of those  

These i n v e s t i g a t i o n s  have comprised both phys io log ica l  and u l t r a s t m c -  

biochemical and b iophys ica l  even t s  leading t o  cytomembrane r u p t u r e  i n  p l a n t s  

which have been s t r e s s e d  by exposure t o  extreme low pressures .  

i n  a l l  of t h i s  work, j u s t i f i e d  by t h e  r e s u l t s  obtained and r epor t ed  upon i n  t h e  

A b a s i c  assumption 

previous  semi-annual r e p o r t s ,  has  been t h a t  t h e  anaerobic  environment, r a t h e r  t han  

low p res su re ,  p e r  se, is  t h e  f a c t o r  pr imar i ly  r e spons ib l e  for  t h e  d e l e t e r i o u s  

r e s u l t s  observed. 

/- 

A. Photoperiod S tud ie s  
I 

As i nd ica t ed  i n  t h e  previous semi-annual r e p o r t s ,  observa t ions  dur ing  t h e  

sp r ing  and summer of 1964 demonstrated t h a t  t h e  " l e tha l "  exposure time t o  

extreme low pres su re  (v.P. l e v e l  of H20 a t  2OoC, -17 mm. Hg;) for young oat 

s e e d l i n g s  increased  from a minimum of approximately 6 hours t o  a maximum of 

18-1/2 hours  dur ing  t h e  summer. 

aga in  to  a low of 6 hours during t h e  winter  of 1964-65. 

Following t h i s  peak, t h e  l e t h a l  t ime decreased 
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Growth chamber experiments were programmed t o  isolate  t h e  en , i ronmenta l  

factors re spons ib l e  f o r  t h i s  behavior.  Seeds of Avena s a t i v a  var .  "Bonkea" were 

p lan ted  i n  s o i l  i n  c l a y  p o t s  and placed i n  ve rmicu l i t e  packed t r a y s .  These were 

placed i n  a Pe rc iva l  growth chamber, Model PGC-78 i n  which germination and growth 

subsequent ly  occurred. Light provided by t h e  f l u o r e s c e n t  and incandsscent  l i g h t  

bank ranged from-2000 - + 100 foot-candles  a t  t h e  t o p  of t h e  p o t s  t o  2400 - + 100 

foot-candles  a t  t h e  t i p  of t h e  seedl ing  l eaves .  

days i n  a l l  of t h e  programmed cyc le s  p r i o r  t o  t e s t i n g .  

The p l a n t s  were grown for 16-18 

Short  Day, Warm Temperature Cycle 

The chamber was programmed for a 1 0  hr .  l i g h t  and 1 4  hr .  dark cyc le .  

Dry bulb temperature  during t h e  d a i l y  cyc le  was con t ro l l ed  t o  range 

between 86OF. and 66Of., while w e t  bu lb  temperatures  during t h e  same 

i n t e r v a l  ranged f r o m  62OF. t o  80°F. 

survived up t o  6 hours of exposure t o  near  vacuum wi th  no ev ident  

macroscopic effects, 

showed d i s c o l o r a t i o n  of some o f ' t h e  l e a v e s ,  however, a t  least 3 /4 ths  

of t h e  p l a n t s  i n  each pot  (11+ - 1 p l a n t s )  rcmained a l i v e .  

exposed t o  14, 16, 17,  1 8  and 20 hours  genera&ywere k i l l e d 3  however, 

i n  some p o t s  exposed for  1 5  and 17 hours,  some p l a n t s ,  but  g e n e r a l l y  

less than  3 /4 ths  remained a l i v e .  

Short  Day, Warm Temperature Cycle, - I n t e r r u p t e d  Nyctoperiod 

A second cyc le  was programmed with t h e  same sequence of l i g h t  and 

temperature  c y c l e s  as t h e  preceding; however, t h e  nyctoperiod was 

i n t e r r u p t e d  i n  t h e  middle by t h e  i l l umina t ion  provided by a 60 watt 

Seedl ings grown under t h i s  cyc le  

P lan ts  exposed for  8, 1 0 ,  11, and 12 hours 

P l a n t s  
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incandescent bu lb  f o r  a 1 5  minute per iod.  

s eed l ings  exposed €or 8 ,  9, 10, 11, and 1 2  hours  showed some d i sco lo r -  

a t i o n ,  but  a t  l e a s t  3 /4 ths  of t h e  s eed l ings  i n  each po t  survived. The 

s h o r t e s t  l e t h a l  time i n  which a l l  of t h e  seed l ings  i n  an  ind iv idua l  

po t  died appeared t o  be 1 4  hr., while  o t h e r  p l a n t s  exposed for 13,  15 and 

even 1 9  hrs. showed some su rv iva l  although i n  each of t h e s e  cases less 

than  3 /4 t>s  of t h e  p l a n t s  i n  each pot survived. The d i f f e r e n c e s  i n  

s u r v i v a l  between t h e  p l a n t s  grown under t h e  two similar cyc le s  with 

t h e  s i n g l e  d i f f e r e n c e  of an in t e r rup ted  nyctoperiod do not appear t o  

be s i -gni f icant  . 
Long Day, Warm Temperature Cycle 

A t h i r d  cyc le  was programmed i n  which t h e  photoperiod cons is ted  of 

16 hrs. of l i g h t  a l t e r n a t i n g  with 8 hrs. of dark. 

temperature ranged between 86OF. and 66OF. The temperature  remained 

above t h e  8OOF. mark for a total  of 9 hrs. while  i n  t h e  previous two 

cyc le s  it was above t h i s  point  for only  6-3/4 hrs .  

time fol lowing t h i s  cyc le  was as low as 1 0  and 11-1/2 hrs. 

o t h e r  p o t s  of seed l ings  survived 7,10,11,12,13 and 1 4  hours of stress 

with some d i s c o l o r a t i o n  and a t  least 3 /4 ths  of t h e  p l a n t s  remained v i ab le .  

Other po t s  exposed t o  12,15, and 17 hrs. of  l o w  p re s su re  showed more 

macroscopic damage and less than  3/4ths  of t h e  p l a n t s  i n  each pot  

survived. 

Short  Day, Warm Temperature Cycle 

A s h o r t  photoperiod cyc le  of 1 0  hr .  l i g h t  and 14  h r .  dark was programmed 

i n  which t h e  temperature  was caused t o  rise above 80°F. during t h e  last  

Under t h e s e  condi t ions ,  

( C )  

The d ry  bulb 

The l e t h a l  exposure 

However, 

(D) 
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1-1/2 h r .  of t h e  nyctoperiod and maintained above t h i s  po in t  for  a 

t o t a l  of  11-3/4 h r s .  Under t h e s e  condi t ions p o t s  exposed for 1 2 ,  1 5  
\ 

and 16 h r s .  t o  low pressure showed ex tens ive  d i s c o l o r a t i o n  and death 

of a l l  t h e  seedl ings.  Other p o t s  exposed for 7 , 8 , 1 0 , 1 0 - ~ , 1 1  and 1 7  

hours showed less damage w i t h ,  however, less than  3/4ths  of t h e  

seed l ings  surviving.  

less damage with more t h a n  3/4ths of t he  seed l ings  i n  each pot  surviving.  

Others exposed for 6,  13 and 1 4  hours-showed s t i l l  

( E )  Short  Day. Low Temperature Cycle 

A s h o r t  photoperiod cyc le  of 10  h r .  l i g h t  and 14 h r .  dark was pro- 

grammed with a temperature cycle  of 75OF. t o  56OF. Under t h e s e  condi- 

t i o n s  t h e  l e t h a l  pe r iod  of exposure for a l l  of t h e  seed l ings  i n  a 

s i n g l e  po t  was reduced t o  6 h r s .  

and 11 h r s .  a l s o  were severely damaged and i n  only one in s t ance  a t  

seven hours d i d  any seedl ings su rv ive .  

5 h r s .  showed some damage although i n  each in s t ance  more than  3/4ths  

of t h e  seed l ings  survived the  stress success fu l ly .  

Po t s  of seed l ings  exposed t o  7,8,9 

Po t s  exposed for  2,3,4,4-1/2 and 

Figures  1 and 2 summarize t h e  r e s u l t s  obtained from t h e s e  5 cyc le s .  In 

conclusion, it appears t h a t  s u r v i v a l  time is independent of t h e  photoperiod, 

but  is s t r o n g l y  dependent on t h e  temperature cyc le  imposed on t h e  p l a n t  during 

growth.:.'Rreshold " l e t h a l "  t i m e  f o r  a l l  of t h e  seed l ings  i n  a s i n g l e  pot was 

shortened from 1 4  h r s .  t o  6 h r s .  as a consequence of growth under a temperature 

regimen approximately 1 O O F .  cooler .  
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B. Experiments with Decenyisuccinic Acid 

' The a p p l i c a t i o n  of c e r t a i n  unsaturated f a t t y  a c i d s  t o  p l a n t s  is  known t o  

a l t e r  c e l l u l a r  permeabi l i ty  and dependent phys io log ica l  phenomena. KUiper  

(1964) found t h a t  t h e  app l i ca t ion  of decenylsuccinic  ac id  increased drought 

r e s i s t a n c e  i n  beans and increased f r o s t  r e s i s t a n c e  i n  pea r s  and apples .  

Increased drought r e s i s t a n c e  presumably r e s u l t e d  from a g r e a t e r  degree of 

permeabi l i ty  of c e l l u l a r  membranes. As i nd ica t ed  i n  earlier r e p o r t s  i n  t h e  

p re sen t  s tudy on oats c e r t a i n  r e s p i r a t o r y  products  are assumed t o  accurnulate 

t o  t o x i c  concentrat ions within cellular membranes. Consequentlyian experiment 
L- 

was designed t o  a l ter  c e l l u l a r  permeabili ty by t h e  a p p l i c a t i o n  of decenyl- 

s u c c i n i c  a c i d  i n  an attempt t o  determine whether a permeabi l i ty  change 

would affect u l t r a s t r u c t u r a l  membrane d e t e r i o r a t i o n  under reduced p res su re  

condi t ions.  Application o f  t h e  decenylsuccinic a c i d  was c a r r i e d  out  i n  two 

ways, e i t h e r  by i n t e n s i v e  spraying immediately p r i o r  t o  exposure t o  low 

p res su re  or  by watering with a d i l u t e  s o l u t i o n  of  decenylsuccinic  ac id  

(3X10'3M) over t h e  1 6  day growth per iod of  t h e  seedl ings.  

group which has been t r e a t e d  w i t h  t h e  a c i d  by spraying showed no s i g n i f i c a n t  

The experimental  

d i f f e rence  i n  s u r v i v a l  time under low pressure.  Those seed l ings  which had 

been i n t e r m i t t e n t l y  watered w i t h  the acid, however, showed a s l i g h t  i nc rease  

i n  a b i l i t y  t o  resist low pressure effects. Resu l t s  were no t  always c o n s i s t e n t  

and it w i l l  not be p o s s i b l e  t o  conclude t h a t  DSA affects s u r v i v a l  time u n t i l  

a d d i t i o n a l  r e p l i c a t i o n s  of t h e  experiment have been c a r r i e d  out. 

C. Mineral. Deficiency Tests 

Preliminary tests with oat seed l ings  grown i n  n u t r i e n t  d e f i c i e n t  s o i l s  

l e d , t o  t h e  specu la t ion  t h a t  perhaps c e r t a i n  element d e f i c i e n c i e s  adversely 

affected t h e  s u r v i v a l  of p l a n t s  under low p res su re .  In  a d d i t i o n ,  it is 



known t h a t  i n  t-he absence of inorganic phosphdte, fermentat ion stops at t h e  l e v e l  

of glyceraldehyde-3-phosphate (Harden and Young, 1908) .  

Consequently, hydroponic experiments were se t  up i n  which o a t s  were a l l o w ~ d  t.2 

germinate and grow f o r  1 week i n  vermicul i te  znd then  t r a n s f e r r c d  t o  varioi:.; h y r ' x -  

----panic s o l u t i o n s  with Hoagland' s complete medium as  t h e  standard.  ExperiiJel>'Liil 

groups lacking s u l f u r ,  phosphorous, o r  n i t rogen  were exposed to low prcssu-'a f.ir 

,, varying times along wi th  c o n t r o l s  grown i n  complete media. 

Fig. 3 shows a ser ies  of seedl ings which had been grotdn i n  a c;zylzt: J ~ ~ > C ' J I . . - ~  

a t  a time 1 5  days a f te r  exposure t o  low p r e s s w e .  ?. :x.c!ed. i-r:;o.n:c, ' .z  : L P = ~  

which is  dependent on t h e  pe r iod  of exposure t o  Low pressure.  F i g -  4 il?:l.::- I - T C - ~ ;  

t h e  response of s eed l ings  grown i n  a -N medium a t  a tiw 22 ?.?;rs z f t n ?  c::;?n~::?e 

t o  low pressure.  I t  is p a r t i c u l a r l y  apparent here  t h a t  thz de-lee of dzy:Se :LE- 

f l i c t ed  by exposure t o  low p res su re  i s  much l e s s  severe a??cc ia l ly  -iii-h ~e;e;..l T(: 

t h e  7 and 8 hr.  groups. 

grown in a -P medium a t  a time 43 days af ter  exposure t o  low pressure.  

p l a n t s  grew only feebly,  neve r the l e s s  it is  apparent t h a t  t h e  p l a n t s  exposed t o  6 

Fig. 5 d e p i c t s  t h e  response of a s w i a s  o - ~  S G ~ L L L P ~ Z  

The - I '  

and 8 h r s .  of  near vacuum d i d  manage t o  su rv ive  and cont inue growth n e a r l y  z s  

W e l l  as t h e  -P con t ro l .  Fig. 6 shows t h e  response of  a s e r i e s  of seed l ings  K:._-own 

i n  a -S medium a t  a t i m e  32 days af ter  exposure t o  low pressure.  The -S pl.z.nts 

exposed t o  5 and 7 h r s .  of nea r  vacuum appear t o  have made b e t t e r  growth t h m  t h e  

-S c o n t r o l .  Correlated with t h e s e  observat ions,  Fig.  7 shows t h e  respo?sc, of IC 

groups o f  seed l ings  grown i n  compleh-S,-P, and -N media and exposed t o  n e a r  

vacuum f o r  5 1 / 2  h r s .  

as t h e  c o n t r o l s  grown i n  complete media. 

s i d e r a b l y  enigmatic and r e p l i c a t i o n s  of t h i s  experiment are planned t o  v e r i f y  t1.c 

v a l i d i t y  of  t h e s e  observat ions.  

Here t h e  -S vacuum-stressed p l a n t s  appear t o  be as  vigr,-?z-c 

This response of t h e  -S p l a n t s  ir: c x -  

Although t h e  r e s u l t s  a t  t h i s  point are f a r  from conclusive,  it does app=r 

t h a t  major element d e f i c i e n c i e s  w i l l  a l t e r  t h e  s u r v i v a l  time of  s e e d l i p z s  expose? 

t o  l o w  p re s su re  and perhaps i n  certain cases confer a d d i t i o n a l r e s i s t a n c e  t o  
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st:?ess condi t ions .  

;>< 300t RmovaL Tes ts  

3etz (1959s)and Ramshorn (1957) have r epor t ed  t h a t  under condi t ions  of 

oxygen def ic iency  a shunt ing of pyruvate away from t h e  t r i c a r b o x y l i c  cycle  

'-(. ~n acetaldehyde -alcohol  pathway occurs .  Barker  and e l  S a i f i  (1952) showed 

thzt in poiato t u b e r s  placed under anaerobic  cond i t ions  l a c t i c  a c i d  formation 

r a p i d l y  increased ,  followed by a decrease a f t e r  7 days ,  and a subsequent 

- . x r e z : ~  i n  a l ccho l  production. Keneflick (1960) showed t h a t  while c e r t a i n  

,d;i~its were capable of adapt ing t o  f looding ,  a submergence of t h e  wholeplan t  

~?:,u1-;cd ic th,i  ciccumulation of a lcohol .  

( '957,  19,CDb) have r epor t ed  t h a t  a c t i v e l y  growing root meristems accumulate 

L' :hanol. 

Grineva (1960,61,62) and Betz 

Ir.mn1.ich as t h e  macroscopic p a t t e r n  of damage observed i n  t h e  present  

:ero:-es of experiments on o a t  seedl ings  appears t o  be p a r t i a l l y  the  r e s u l t  

of a t r a n s p o r t  phenomenon and since t h e  l i t e r a t u r e  i n d i c a t e s  t h a t  a l coho l  

and perhaps o t h e r  t o x i c  materials may be expected t o  accumulate i n  r o o t s  

under  anaerobic  cond i t ions ,  a s e r i e s  of experiments were designed i n  which 

It was proposed t o  t e s t  t h e  e f f e c t  of r o o t  removal on s u r v i v a l  time of o a t  

ceedl ings  under near vacuum . 
with their r o o t s  immersed i n  Hoagland's so lu t ion .  These were divided i n t o  

t h r e e  groups. 

a l coho l  (200  mg. %) added t o  t h e  s o l u t i o n ,  while t h e  t h i r d  group served as a 

c o n t r o l .  

t o  nOar vacuum. 

a ided  showed t h e  most severe  damage on exposure t o  reduced pressure .  

group of seed l ings ,  t h e  r o o t s  of which had been removed, showed approximately 

t h e  same ex ten t  of damage as t h e  c o n t r o l  group. 

Oat s eed l ings  after germination were supported 

One group had t h e  r o o t s  removed,a second group had e t h y l  

The t h r e e  groups were then exposed for a threshold  l e t h a l  time 

The groups grown i n  t h e  s o l u t i o n  t o  which a l coho l  had been 

The 

However, when compared t o  
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c o n t r o l s ,  t h e  r o o t s  o f  which had been removed, bu t  which were not subjec ted  

t o  l o w  p r e s s u r e ,  it was apparent t h a t  t h e  e f f e c t  of r o o t  removal was de le -  

t e r i o u s  t o  subsequent growth u n t i l  a new set of r o o t s  had been formed. 

t h e  l i g h t  of t h i s  observat ion it appears t h a t  t h e  harmful e f f e c t  of r o o t  

removal on t h e  experimental  group may be j u s t  o f f s e t  by t h e  removal of a 

s o w c e  of  a t o x i c  substance formed i n  t h e  r o o t s  during anaerobios is  which 

would otherwise be t r anspor t ed  t o  t h e  t o p s  of t h e  p l a n t s .  

c - q e r i v e n t s  on a spec ie s  of p l a n t  

riwded t o  a f f i r n  t h i s  conclusion.  

In 

However, a d d i t i m . : !  

l e s s  r e f a c t o r y  t o  r o o t  removal w i l l  b e  

.5* Alcohol De temina t ions  

VaFious studi'es ( P h i l l i p s ,  1947;  V l a m i s  and Davis, 1943) have indicate(2 

tha t  among t h e  c e r e a l  c rops ,  r i c e  h a s  t h e  s t r o n g e s t  fe rmenta t ion  system. 

Pqp and Meiss (1958) have shown t h a t  e thano l  is an e f f i c i e n t  inducer  of 

a l coho l  dehydrogenase i n  r ice p l a n t s .  

feedback system for  t h e  production of a l coho l  dehydrogenase e x i s t s  i n  r ice 

w i t l -  a l coho l  se rv ing  t h e  dua l  r o l e  of a t e rmina l  metabol i te  as wel l  as a 

" t r igge r "  molecule which s t imu la t e s  increased  a l coho l  dehydrogenase produz- 

t i o n .  

o t h e r  hand t h a t  e thano l  decreased a l coho l  dehydrogenase a c t i v i t y .  

perhaps,  compare t h i s  t o  a negat ive feedback system. 

It would appear t h a t  a s t rong  p o s i t i v t  

Hageman andl%sher (1960) working wi th  corn seed l ings  showed on t h e  

One could, 

Earlier r e p o r t s  on t h i s  research  p r o j e c t  have apeculated t h a t  a l c o h o l i c  

fermentat ion may be t h e  f a c t o r  respons ib le  f o r  membrane degradat ion wi th in  

t h e  cel ls  of o a t  leaves .  I n  order  t o  determine whether a l coho l  i n  fact 

accumulated i n  d e l e t e r i o u s  amounts i n  t h e  l eaves  of low pressure  s t r e s s e d  

p l a n t s ,  spectrophotometr ic  t e s t s  were c a r r i e d  ou t .  T issues  t o  be analyzed 
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were homogenized and t h e  d i l u t e d  s l u r r y  placed i n  t h e  d i f f u s i o n  chamber of 

Conway c e l l s  (wi th  Obrink modif icat ion) .  A microdi f fus ion  technique  

(!<aye, 1-963) with a potassium dichromate-sulphuric a c i d  de t ec t ion  reagent  

was used. Measurements a f t e r  incubat ion were made with mic roce l l s  i n  a 

Eeckman DU spectrophotometer a t  450 mi l l imicrons .  

cons t ruc ted  with known amounts of e thanol  i n  water ranging from 250 mg. % 

t o  6.25 mg. %. 

low p x s s u r e ,  c o n t r o l  t i s s u e  t o  which a known amount of  e thano l  was added 

& C o x  homogenization, and c o n t r o l  t i s s u e  t o  which a known amount of e thano l  

was added af ter  homogenization. 

~ n g .  % for both t h e  c o n t r o l  and s t r e s s e d  t i s s u e ,  

~f 9-12 sepa ra t e  determinat ions on 3 s e p a r a t e  homogenates. 

r e p l i c a t e d  4 times. 

sccumulation of  a l coho l  occurs  i n  t h e  leaves .  This  does no t ,  however, pre- 

c lude  t h e  p o s s i b i l i t y  t h a t  amounts may accumulate l o c a l l y  which are d e l e t e r i o u s  

t o  nembrane i n t e g r i t y  and which are n o t  d e t e c t a b l e  by t h i s  means. It should 

be added t h a t  t h i s  method a l s o  i s  s e n s i t i v e  for  acetaldehyde,  t h e  pos tu l a t ed  

in te rmedia te  i n  e thano l  fermentation. 

A c a l i b r a t i o n  curve was 

The c o n t r o l s  cons is ted  of t i s s u e  from p l a n t s  not exposed t o  

The concent ra t ion  of a lcohol  averaged 1 2  

Each measurement cons i s t ed  

The tes ts  were 

The r e s u l t s  obtained i n d i c a t e  t h a t  no large scale 

Kith t h e  above r e s e r v a t i o n ,  t h e  r e s u l t s  obtained from t h i s  spectrophoto-  

nietrlc tes t  i n d i c a t e  t h a t  very probably our  e a r l i e r  hypothesis  sugges t ing  

t h a t  membrane damage r e s u l t e d  from a l c o h o l  f i x a t i o n  of c o n s t i t u e n t  p r o t e i n s  

may be i n v a l i d .  

although d i f f e r i n g  on d e t a i l s  of symmetry have pos tu l a t ed  a membrane s t r u c t u r e  

c o n s i s t i n g  of a bimolecular  l i p i d  l a y e r  surrounded on both s i d e s  by a s t r u c -  

t u r a l  p r o t e i n  monomolecular l aye r  o r  perhaps i n  some cases  by a polysacch&&de 

Robert son (1959 ) , S j os t r and  ( 1963) and Thompson (1963 , 



-10- 

monomolecular l a y e r .  

l a y e r  t h e  molecules a r e  o r i e n t e d  a t  r i g h t  ang le s  t o  t h e  surface of t h e  membrane 

with t h e  hydrophobic ends of  t h e  molecules pointed towards t h e  c e n t e r  of t h e  

rnembrane . 

In any event ,  a l l  i n v e s t i g a t o r s  agree t h a t  i n  t h e  l i p i d  

Current t h e o r i e s  of c y t o l o g i c a l  f i x a t i o n  of u l t r a s t r u c t u r a l  

membranes (Wigglesworth, 1957; Criegee, 1936) agree t h a t  t h i s  property 

depends on t h e  presence of unsaturated f a t t y  a c i d s  wi th in  t h e  membrane 

subs t ruc tu re ,  The r e c e n t  work of Stoeckenius (1962) t ends  t o  v a l i d a t e  t h i s  

view. 

The observat ions r epor t ed  upon i n  t h e  previous semi-annual r e p o r t  on 

t h i s  p r o j e c t  i n d i c a t e  t h a t  rup tu re  occurs i n  t h e  c h l o r o p l a s t  o u t e r  boundarly 

rriembranes as a f@su&t of “blebs’’ o r  swel l ings which e f f e c t i v e l y  s e p a r a t e  t h e  

two s u r f a c e  p r o t e i n  l a y e r s  of each u n i t  membrane. The swel l ings may be e i t h e r  

r .ol loidal  o r  osmotic phenomena, but, i n  any event ,  t hey  apparent ly  r e s u l t  

from a degradation of t h e  i n t e g r i t y  of t h e  bimolecular l i p i d  l a y e r .  

!iss of i n t e g r i t y  would occur from a conversion of rhe hydrophobic ends of 

the l i p i d  molecules t o  hydrophi! IC z e m i n i .  

be t h e  consequence 

the l i p i d  molecule <.jtfidouhle bond posi;i<:.n. 

grcilp of t h e  organic  a c i a  remained f r e t ,  would r e s u l t  i n  t h e  conversion of 

il;dr.:),phobic t o  hydrophi l ic  groups, w i t h  t he  r e s u l t a n t  imbibi t ion of water. 

Barker and E l  S a i f i  (1952) have shown that po ta to  t e b e r s  placed i n  a n i t r o g m  

citniosphere produce l a c t i c  ac id  i n  large m o u n t s  w i t h  a peak occurr ing a f t e r  

1 G  days, fol lowing t h i s ,  a l caho l  production subsequently inc reases  and takes  

t h e  place of a decreased l a c t i c  acid formation. 

Such a 

Suct a cmvers ion  i n  t u r n  might 

of t h e  unicn cf a l c w  niolecular weight organic  acid w i t h  

l l i .  

i t l is  union, i f  the carboxyl 

According t o  Schneider (1960) 
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l a c t i c  a c i d  formatior, under anaerobios is  has been demonstrated i n  sugar  b e e t s ,  

carrots ,  germinating seeds ,  and the  leaves of Rubus. Consequently, it appears  

poss ib l e  t h a t  l ac t i c  acid might play a s i g n i f i c a n t  r o l e  i n  t h e  u l t r a s t r u c t u r a l  

even t s  under cons idera t ion  here ,  although it is  conceivable  t h a t  o t h e r  low 

molecular weight organic  acids involved e i t h e r  i n  g l y c o l y s i s  o r  t h e  t r i c a r -  

boxyl ic  ac id  cyc le  a l s o  p lay  a pa r t .  

From t h e  poin t  of view cf t h i s  theory ,  a l c o h o l i c  fe rmenta t icn  may be viewed 

as a device which enables  t h e  p lan t  t o  endure anaerobic  condi t ions  for a 

longer  per iod of time s ince  it r e s u l t s  i n  t h e  accumulation of a r e a d i l y  

d i f f u s i b l e  compound which, mole f o r  mole, may be less  d e l e t e r i o u s  t o  u l t r a -  

s t r u c t u r a l  membrane s t r u c t u r e  than l ac t i c  ac id  ob some o t h e r  similar organic  

ac id .  

E,. Tissue  Dehydration S tud ie s  

The ear l ies t  comprehensive study which attempted t o  re la te  r e s p i r a t i o n  

ra te  t o  t i s s u e  water content  i n  p lan t  p a r t s  o the r  than  germinating seeds i s  

:hat of Smith (1915). Smith measured t h e  r e s p i r a t i o n  r a t e  i n  sncwdrop 1<:1ves 

m d  stems of Tropaeolum and asparagus u n d e r  

A s  t h e  water content  dropped from 100% t o  ?5% on a f r e s h  weight b a s i s  t h e  

va r ious  degrees  of water loss. 

r e s p f r a t i o n  r a t e  was observed t o  i;:c_reas~:. fi decrease i n  r e s p i r a t i o n  was 

Ss-rved to occur or1l.y wher: the hzter Lc,Iii-jn.t d r ~ p p e d  below 50%. I l j i n  ( 1 9 5 7 )  

i n  a recent review agrees  t h a t ,  i n  gene ra l ,  watep Loss is accompanied by an 

'Lncrcased r e s p i r a t i o n  r a t e ,  ;it- l e a s t ,  u n t i l  r e l a t i v e l y  severe d e s s i c a t i o n  is 

i t t a i n e d .  Xerophytes, however, oppear t o  he a n  exce?xion, s ince  they show 

i i t t l e  or no change i n  res;,iratiori f o i l o w i n g  a water> loss of 21) to 52%. 
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Singh and Varapande (19301, however, repor ted  t h a t  a def ic iency  of water i n  

l eaves  lowered t h e i r  r e s p i r a t i o n  r a t e .  

In  view of t h e  apparent e f f e c t  o f  t i s s u e  hydrat ion on r e s p i r a t i o n  rate 

and t h e  r e l a t i o n s h i p  of t h i s  ra te  t o  s u r v i v a l  of p l a n t s  under l o w  p re s su re  

it seemed des i r ab le  t o  i n v e s t i g a t e  t h e  a b i l i t y  of w i l t e d  o a t  p l a n t s  t o  

surv ive  exposure t o  low pressure  and re la te  t h i s  t o  t h e  i n t e n s i t y  of r e s p i r -  

a t i o n  under these  condi t ions .  

week-old oa t  seedl ings ,  it was found t h a t  f u l l y  t u r g i d  p l a n t s  completely 

succumbed i n  8 1 / 4  hrs .  under exposure t o  near  vacuum w h i l e  s eve re ly  wi l ted  

p l a n t s  exposed f o r  t h e  same length of  t i m e  a l l  survived,  showing only moderate 

damage t o  t h e  b a s a l  leaves  and the  t i p s  of t h e  younger leaves .  Repl ica t ion  of  

t h i s  experiment gave t h e  same s t r i k i n g  r e s u l t s .  

p l a n t s  possessed approximately 90% water on a f r e s h  weight b a s i s ,  while  t h e  

seve re ly  wi l ted  p l a n t s  had about 72% water. 

In an experiment with greenhouse grown two- 

The leaves  of t h e  t u r g i d  

Warburg manometric measurements conducted a t  var ious  l e v e l s  of t i s s u e  

hydrat ion co r re l a t ed  w e l l  with these r e s u l t s .  

marizes t h e s e  measurements ( f i g .  8 ) .  I t  appears t h a t  i n  o a t  seedl ings  grown 

under t h e s e  condi t ions  t h a t  t o t a l  leaf t i s s u e  r e s p i r a t i o n  shows a dec l ine  

with t i s s u e  dehydration. The increased a b i l i t y  of w i l t ed  p l a n t s  t o  surv ive  

exposure t o  a near  vacuum thus  appears t o  be due t o  t h i s  decreased. r e s p i r a t i o n  

ra te .  One might assume from these  r e s u l t s  t h a t  t h e  g l y c o l y t i c  po r t ion  of  

r e s p i r a t i o n  as w e l l  as t h e  t r i c a r b o x y l i c  ac id  cyc le  and t h e  cytochrome system 

are i n t e r f e r e d  with by t i s s u e  dehydration. While it is not poss ib l e  t o  i n f e r  

a t  t h i s  junc ture  which of  t h e  segments of  r e s p i r a t i o n  is most suscep t ib l e  t c  

The accompanying graph sum- 
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t i s sue  dehydrat ion,  it does seem l o g i c a l  t o  conclude t h a t  t h e  increased s u r v i v a l  

a b i l i t y  of w i l t ed  p l a n t s  is due t o  r e p r e s s i o n  of a fermentat ive sequence respons- 

i b l e  for t h e  production of toxic products under anaerobic  conditions.  

11. Alpine P lan t  Experiments 

A s  explained i n  t h e  previous semi-annual r e p o r t ,  a l i v i n g  c d l e c t i o n  of 

a l p i n e  pl 'ants from va r ious  l o c a t i o n s  was assembled during t h e  summer o f  1964. 

These were allowed t o  become es t ab l i shed  and t e s t i n g  was i n i t i a t e d  during t h e  

winter  and sp r ing  months. 

l e n g t h s  of time t o  near  vacuum a t  t h e  v.p. l e v e l  of water (17+ mm. Hg. a t  20°C) 

The fol lowing t a b l e s  summarize t h e  r e s u l t s  of  t h e s e  experiments. In  gene ra l ,  

it appears  t h a t  among those  a l p i n e s  t e s t e d ,  t h i c k e r  stems, rhizomes, and por- 

t i o n s  of t h e  root system are t h e  most r e s i s t a n t  p a r t s  of t h e  p l a n t  t o  t h e  effeces 

of l o w  p re s su re .  

days stress under near  vacuum cond i t ions ,  a t  least p a r t i a l  recovery occurred 

i n  a l l  cases, with one exception. 

Cotoneaster congesta g l ac i a l i s ,  which appa ren t ly  was completely k i l l e d  by t h e  

exposure. A g r a s s ,  Koeleria crista, which was t e s t e d ,  showed a p e c u l i a r  bloom- 

ing  p a t t e r n .  

s u b j e c t s  

t h e  f lowering culms r a p i d l y  died.  

a f e w  f e e b l e  flowering culms. 

t h e  experimental  s u b j e c t s  o f  Saxifraga austromontana. This observat ion,  i f  

v a l i d ,  would be remarkable s i n c e  leaf t i s s u e  i n  a l l  o t h e r  s u b j e c t s ,  once des- 

t royed ,  seems t o  be incapable of recovery.  

The p l a n t s  i n  each case were exposed for varying 

- 

Although most species appeared q u i t e  dead af ter  two t o  f o u r  

This  was t h e  96 h r .  s t r e s s e d  p l a n t  of 

In f lo re scences  developed on both c o n t r o l  and experimental  

a f te r  exposure, but seed f a i l e d  t o  s e t  on t h e  stressed p l a n t s  and 

The p l a n t  s t r e s s e d  for  36 h r s .  produced only 

Par t i a l  leaf recovery seems t o  have occurred i n  

The previous semi-annual r epor t  noted t h e  s t u d i e s  on Pentstemon procerus 

which w e  have conducted and the  p a t t e r n  of u l t r a s t r u c t w a l  degradation which 
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111. 

resembles that of Avena s a t i v a .  -- 
It is t h e  i n t e n t i o n  t o  continue t h e s e  s t u d i e s  on a l p i n e  p l a n t s  and t o  

complement t h e  macroscopic stress observa t ions  with e l e c t r o n  microscope 

examinations where t h i s  seems warranted. 

Papers 

A. Prepared: 

"Reversible and I r r e v e r s i b l e  Changes Induced in Chloropiasts  

by Reduced Pressure." ( a h . ) . -  Twenty-second Annual Meeting - 
Elec t ron  Microscopy SOC. of America. (Oct. 1964).  

"Effect of Reduced Barometric Pressure on P l a n t s  . " - f-or 

"Environmental Biology" - Federat ion of American S o c i e t i e s  for 

Experimental Biology (Feb. 1965) .  

"Physiological  S tud ie s  of Avena s a t i v a  and U l t r a s t r u c t u r a l  Obser 

v a t i o n s  on Chloroplas t s  under Conditions of Reduced Pressure - 
Master's Di s se r t a t ion  by Richard N .  Trelease (Research A s s i s t a n t ) .  

(May 1965) 

B. In  Preparat ion:  

1. U l t r a s t r u c t u r a l  changes induced i n  Avena c h l o r o p l a s t s  by 

exposure t o  low pressure.  

Tissue hydrat ion and s u r v i v a l  undelb low pressure .  

Seed germination under low pressure  and eco log ica l  

cons idera t ions .  

2. 

3 .  

4. Avena s u r v i v a l  under near vacuum as influenced by 

t hermoper i od  . 
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I V .  Research Continuation. 

It is  a n t i c i p a t e d  t h a t  t h e  thermoperiod, hydroponic, and a l p i n e  p l a n t  

experiments w i l l  be continued. 

support ing evidence f o r  t h e  theory presented i n  t h i s  r e p o r t .  

deg rada t io r  

l i p i d - p r o t e i n  membrane system and t h e  sub jec t ion  of t h i s  system t o  va r ious  

r e a g e n t s  which might be expected t o  combine with a l i p i d  bimolecular l a y e r  

i n  t h e  manner pos tu l a t ed .  

An at tempt  w i l l  be made t o  g a i n  a d d i t i o n a l  

Membrane 

theory w i l l  be t e s t e d  by t h e  cons t ruc t ion  of an a r t i f i c i a l  

It is  a n t i c i p a t e d  t h a t  l a b e l l i n g  with C1402 w i l l  be used and combined 

with t h i n - l a y e r  chromatography techniques i n  an at tempt  t o  i d e n t i f y  t h e  

o rgan ic  a c i d s  which accumulate i n  t h e  Avena p l a n t  under near  vacuum cond i t ions  

and t o  d e f i n e  t h e  intermediary metabolic sequence con t r ibu t ing  t o  t h e  

observed membrane breakdown. 
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Fig. 1. Survival of chamber-grown Avena sativa seedlings under 
various l i g h t  and temperature regimens. CODE: Survival 
values,- l=Complete survival, no macroscopic damage; 
24Some discoloration of leaf tips, at least 3/4ths of the 
plants in each pot remaining alive; 3~Considerable leaf 
destruction, less than 3/4ths of the plants in each pot 
remaidg alive; 4-Complete destruction of all plants. 
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Fig. 2. Survival of chamber-grown Avena sativa seedlings under 
Hours of Exposure 

various light and temperature regimens. CODE: Survival 
values, - Same as Fig. 1. 
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Figure 3 - Oat seed l ings  grown i n  a complete Hoagland's medium 15  days after 

exposure t o  near  vacuum f o r  varying l eng ths  of t i m e .  From le f t  t o  

r i g h t  t h e  pe r iods  of exposure were: 8 h r ;  7 h r ;  6 h r . ;  5 h r . ;  con- 

t ro l , -  no exposure; cont ro l  - no expWure. 

Fig. 4 - Oat seed l ings  grown i n  a -N Hoagland's medium 22 days af ter  exposure 

t o  near  vacuum. 

8 hr. ; 7 h r .  ; 6 h r .  ; 5 hr .  ; c o n t r o l  (-Rj no exposure; c o n t r o l  

(complete) no exposure. 

From l e f t  t o  r i g h t  t h e  pe r iods  of exposure were: 



Fig. 5 Oat seed l ings  grown i n  a -P Hoagland's medium 43 days after exposure 

t o  near  vacuum. 

Complete (no exposure) ;  -P, no exposure; 5 h r . ;  6 h r . ;  7 h r . ;  8 hr. 

From l e f t  t o  r i g h t  t h e  per iods  of exposure were: 

Fig. 6. Oat seed l ings  grown i n  a -S Hoagland's medium 32 days a f t e r  exposure 

t o  near  vacuum. From l e f t  t o  r i g h t  t h e  per iods  of exposure were: 

S h r . ;  7 h r . ;  6 h r . ;  5 h r . ;  -S no  exposure; complete no exposure. 



Fig. 7 .  Oat seedl ings  grown i n  var ious  media and a l l  exposed to 5 1/2 hr. 

of near vacuum as they  appeared 50 days after exposure. 

t o  r i g h t :  complete: -S; -P; -N. 

From l e f t  
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Fig. 8. Cumulative oxygen uptake of - Avena in various stages 
of hydration over a five hour period. 

d- standard error. *Mean microliters oxygen uptake - - 


